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Abstract.This paper deals with stress calculation procedures which can be applied to axially symetrical 
structures, nonuniformly accelerated. The equations governing the stress status and the basic hypotheses 
are presented. Also, the mathematical model is applied to a study case. 
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1. Introduction 
 
In the case of the accelerated motion of a body of revolution, having different materials 
in  their  cross  section,  it  is  very  important  to  evaluate  the  possibility  of  occuring  critical 
stresses. 
For instance, there are objects containing materials very sensitive to high accelerations 
(artilery  projectiles,  loaded  with  explosive  charge).  Therefore,  the  stress  calculation  is 
required for verifying the mechnical integrity of the explosive charge, in order to be sure of 
the appropriate behaviour of this part of the projectile. 
 
2. Hypotheses 
 
a)  The explosive charge has linear elastic deformations; 
b)  The carrier body is considered perfectly rigid in comparison with the elastic material 
(the ratio of the Young modulus for the two substances is about 100); 
c)  The plane cross section is adopted; 
d)  The body (both carrier and load) is assumed to be axially symmetrical. 
 
3. The equations 
 
The geometric equations (1), the physical equations of linear elasticity (2), and the stress 
expressions upon deformations (3) are used: 
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The calculus procedure is different upon the conical and cylindrical regions of the body. 
 
 4. The cylindrical region 
 
There are no radial displacements, (w=0), thus £r=£e=0. 
The resulting axial stress in the cross section is given by the inertial force. 
 
The radial and circumferential stresses are given by the internal pressure 
 
where the pressure on the internal wall of the carrier body is 
 
The stresses in the cylindrical region have a linear variation along the symmetry axis, 
and the extreme values are reached in the separating cross section: 
 
5. The conical region 
 
The stress variation law is different for the conical region because of the cotter effect 
and the different shape. 
For  an  elementary  volume  we  can  write  the  equilibrium  equation.  Considering  the 
equality: p = -o r, and applying the c) hypothesis, we obtain: 
 
To a certain displacement 'u' of the cross section, a radial displacement w=u tg(P) 
correspponds, all displacements depending only upon the axial one. 
From the previous equations (1) §i (3), the stresses are expressed as follows:   Fiabilitate si Durabilitate - Fiability & Durability    No 2/ 2012 
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6. Numerical application 
 
The above mathematical model has been applied to the case of a 130 mm explosive 
projectile. The results of the internal balistics calculation have been processed by another 
computer program and the obtained data have allowed a suggestive 3D representation, by the 
means of MathCAD. This way, the variations of u, v, ox §i or, depending upon the time and 
the cross section have been presented in the following plots (fig. 1, 2, 3, and 4).   Fiabilitate si Durabilitate - Fiability & Durability    No 2/ 2012 
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Fig. 1. Axial stress 
 
 
 
Fig. 2. Radial stress 
stress 
 
Fig. 3. Axial displacement                                Fig.4.  Radial displacements Radial 
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7. Conclusions 
 
One could notice that the extreme values of the internal stresses and displacements are 
reached at the time when the pressure in the gun barrel is maximum. 
(Ox)max = - 12 daN/mm
2; 
(Or)max = - 6 daN/mm
2; 
(u)max = 0.03 m ;  
(w)max = 0.0003 m . 
It could also be observed the different shapes of the analysed functions, upon the two 
different regions. The obtained results confirm the mechanical integrity of the explosive 
charge, during the firing. 
Symbols: 
ox,or,oe   axial, radial and circumferential stress; 
sx, sr, se specific deformations on the axial, radial and circumferential directions; 
p   the pressure of the explosive charge on the internal wall of the projectile; 
u  axial displacement; 
w  radial displacement; 
E  Young modulus of the explosive charge; 
H  Poisson coefficient of the explosive charge; 
a   axial acceleration of the firing projectile; 
Pp pressure of the burning gases in the gun barrel; 
p   explosive charge density; 
a>k mass of the material located between the current cross section and the "head"of the 
explosive charge; 
N axial effort; 
S   gun barrel cross section; 
M projectile mass. 
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